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Introduction


Users demand for technological advances and the ability of suppliers to meet and exceed those demands are two major forces in driving our economy today. Specifically for healthcare, with the evolution of the internet, one cannot help but wonder how will advances in Semantic Web (Web 3.0) benefit from Social Media and Mobile Technology to improve patient safety and quality of work?


In this paper, I have used multiple journals, articles, and case studies, to gain a deeper understanding of the topics of social media, mobile technology, and semantic web. To support the definition of such concepts, examples are provided. Given how technology is rapidly changing, only recent studies were used to ensure that the concepts expressed, and examples provided are up-to-date.


After exploring the provided examples, gaps will be identified and potential for future research will be outlined, in direct relation to how Web 3.0 technologies will be used to improve patient safety and quality of care, through analysing social media content.

Semantic Web, Social Media, and Mobile Technology.


Semantic Web can be defined as a web of linked data through uniform resource identifiers. Those identifiers provide global naming conventions for various resources on the web. Through defining ontologies, vocabularies are aligned, and translations between terms are underpinned. This helps achieve interoperability, information integration, and knowledge sharing (O'Hara et al. 2010)


To clarify the concept above, let us assume that a healthcare practitioner wants to research a specific phenomena online. Using a specific key word (e.g. Retinoblastoma) will yield results where only that key word is included in the text. However, if the search engine employed a Semantic Protocol and RDF Query Language (SPARQL) (O'Hara et al. 2010), instead of getting results where the word “Retinoblastoma” was used, we would get results that also include, for example, the ICD-10 code for it, which is “C69.2 Malignant Neoplasm of the Retina”. 


Here, the search engine returned results based on “understanding” the semantics and context of our search, rather than the how a classic “keyword” search query would have displayed the results. Defining concepts, resources and objects online, then categorizing them promises to significantly improve the way we search for information, and make sense of the excess user-generated content on the web (O'Hara et al. 2010).


Social Media, as defined by (Kaplan & Haenlein, 2010)  is a collection of web-based applications that allow users to dynamically generate and share content about any and every topic. This is accomplished by employing the principles of Web 2.0. Examples of social media websites include FaceBook, Twitter, YouTube, and specifically for healthcare, iMedix. According to YouTube Press Statistics, in 2010, more than 13 million hours of video was uploaded during 2010 alone, and an average of 35 hours of video uploaded every minute, while %50 of videos have received ratings or comments (YouTube Press, 2011).


This simple example shows the size of user-generated content, and how much feedback was given on this content. Given the diversity of interests among people, and the simplicity with which content can be generated online, users are posting more content online every day. This promises to be a significant source of information for health researchers as patients use social media to look up medical information and share their experiences.


Mobile Technology refers to any portable device (e.g. laptop, smart phone, tablet PCs, etc) that employ a wireless communication protocol (e.g. WiFi, 4G, GPRS, etc) (Business Link, 2011). Currently, researchers estimated that approximately 2 billion people are online, an overall penetration % of 28.7 (IWS, 2011), and around 530 million of them would have used a mobile devices to access the internet by the end of 2009 (MacQueen, 2010).


The use of mobile technology (e.g. Tablet PCs, Smart Phones, etc) in healthcare is beneficial in many ways. The portability of mobile devices, along with the improved connectivity of those devices providers real-time access to relevant information. Mobile devices allow for bidirectional exchange of information. Unlike a book where the individual is passively reading the information, the individual can interact with other users by exchanging multimedia feedback. For healthcare, as many researchers point out, would allow physicians to remotely monitor their patients' case progress, speed up the communication between patients, practitioners, and healthcare administrators.

Patient Safety & Quality of Care:


Social media plays a integral part in educating patients about potential risks and safety measures. Moreover,  Having users rapidly generating content and providing feedback accelerates identifying new risks, and taking measures to control, minimize, or eliminate those risks. Utilizing Semantic Web will help us better categorize and evaluate patients' and researchers feedback, and allow us to achieve various other benefits (Cleveland, 2011).


Quality of Care refers to the evaluation of efficiency and effectiveness of the provided services, against a specific set of standards. Social media allowed communities to be more vocal in evaluating their healthcare providers. For example, http://www.ratemds.com/ allows patients to rate their doctors, and provide feedback about their experiences. The integration of AI technologies with Semantics Web will help in analysing user feedback which in turn can help hospital administrators evaluate their physicians beyond the traditional means (i.e. Surgery complication rates). 

Benefits of Semantic Web for Healthcare:


By utilizing the power of semantic web, the interpretation and classification of user-generated content would not only be automated, but also significantly accelerated. This leads to early detection of patterns and variables that adversely affect patient safety. For example, the aggregation and semantic categorization of all web content on a certain disease (posted by physicians, patients, family members, researchers, etc.) world wide would help find relevant information faster. For patient safety, this will help in identifying patterns of negative results during drug trials and even after releasing the drug, and minimizing the rate of adverse reactions to the drug (Stephens & Quinlan, 2006).


Patients use social media to share their experiences and search for medical information online (i.e. imedix.com).  Using Semantics Web concepts in social media websites would simplify identifying negative and positive patterns in various courses of treatment. This can be accomplished through automating the process of accurately categorizing posted patient experiences about a specific disease, based on comparing the the meanings (semantics) of what patients posted. Patients will be able to easily find more relevant date, while hospitals will be able to target patients at risks and direct specific information for them.


Semantic Web advances would allow Quality Officers to accelerate the process of gathering and classifying information about different Key Performance Indicators in healthcare, and identify room for improvement. This can be accomplished by aggregating user generated content about patients' and practitioners' perception of clinical guidelines and interactions with healthcare providers. The rapid aggregation will significantly cut down the time to identify problems and respond to them, at a single-organization, provincial, and national levels. 


For example, if a regulatory or accreditation body (e.g. Joint Commission International (JCI)) wanted to evaluate the effectiveness of one of its standards that affect quality of care (e.g. ACC.1 titled “Admission to the Organization”), semantic web technology will automate the process of finding patients' and practitioners' reviews of hospitals that are JCI Accredited, and specifically those relating to the admission process (JCI, 2011). This would significantly simplify for JCI to both quantitatively and qualitatively evaluating their standard for admission.


Another way Semantic Web can help in improving the quality of care and patient safety is through helping interns and fellows find more relevant and focused training material in real-time. Assume that an intern is recording the history and patient symptoms, directly into a web-based EHR, which utilizes Web 3.0 concepts. As the intern enters the information, the EHR compares the entry to similar information recorded by different practitioners, and not only suggest the most likely diagnosis based on similar cases, but provides summaries how the clinical guidelines to be followed for confirming the diagnosis, and the course of treatment. Employing such technologies promises to improve the quality of training while cutting down its costs and reducing risks to patients.

Challenges & Solutions


Maintaining patient information privacy and confidentiality is a potential challenge with the increased integration of information sources. For example, if we look at Google Health, a website that helps patients maintain their Personal Health Record, we can see that patients can upload their health records from various providers, and track their own case progress. Having this information stored online, or employing “Cloud Computing” to be more specific, may allow hackers to gain access to such sensitive information, since it will be transmitted over the internet. A solution to this problem may be increasing the anonymity on such websites where identity information are not included as part of the Personal Health Record, and logs of data uploads from EMRs are deleted (since they will contain sensitive information (e.g. Patient name, SIN, etc). Moreover, the improvement of data encryption and transmission protocols may help further protect patients' private information.


Another Challenge to reaping the potential benefits of social media and mobile technologies in healthcare is the high cost of developing, testing, and implementing new technologies. Training expenses for new technologies is considerable, and organizations must ensure the profitability and sustainability of such projects, in order to more forward with further implementations and research. One potential solution to this problem through Web 3.0 is the ability to aggregate global content on the subject and be able to receive more accurate and relevant information on R & D projects and feasibility studies. Imagine how long it would take a hospital to evaluate the feasibility of implementing tablet PCs in the OR, based on the internet is structured now. Finding all relevant information on the web will be an extensive process, and the researcher must think of various keyword combinations in order to find relevant information. However, through a Semantic Web search engine, all relevant data will be more accurately classified, indexed, and quantified. Thus, giving decision makers the ability to make more informed decisions based on the aggregate of many similar implementations world wide.


Web 3.0 and AI technologies are not mature enough to achieve the potential benefits on a global scale yet. However, if such technologies benefited from how Web 2.0 was implemented, we will have users more involved in research and advancing these technologies. As Web 2.0 was a platform that allowed users to generate content, Web 3.0 can benefit from involving users in classifying and confirming the classification of content. A user, for example can search for a specific topic on a semantic search engine. The user can interactively evaluate the relevance and classification of the results. Having feedback from many users will further accelerate the accurate development of computer understand of semantics through learning from the user-generated patterns in content and search evaluation.


Another Challenge that must be addressed here is the risk all patients and healthy individuals face from the increasing amount of electromagnetic radiation from mobile devices. As more individuals are using mobile devices everyday, the amount of radiation exposure by each individual is increasing, and thus, those devices that can help us improve quality of care, can themselves increase the risk of getting cancer for example. A potential solution to such a problem could be through research for wireless communication that does not affect our bodies, developing radiation-blocking fabrics that are cheap to manufacture and market, or even mixing a specific element or chemical compound with the water we shower with, or the lotions we use, that creates a protective layer over our skins to block radiation.

Conclusion


As we can see from the examples provided above, the ability of machines to understand the semantics of user-generated content promises to accelerate research in disciplines. Specifically for healthcare, this means quicker gathering and analysis of relevant information about any aspect of healthcare and decreasing the response time to any potential problems. 


In this paper, multiple journals, articles, and case studies, were evaluated to explain how social media, mobile technology, and semantic web can be integrated to increase patient safety and improve quality of care. Various examples were provided, and suggestions for future considerations were provided.
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